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Description 

Field of the Invention 

This invention relates to instruments and methods s 
for the non-invasive quantitative measurement of blood 
glucose. More particularly, the invention relates to such 
quantitative measurement via near-infrared interact- 
ance and transmittance. 

10 

B a ckgrou nd of the invention 

Information concerning the chemical composition 
of blood is widely used to assess the health characteris- 
tics of both people and animals. Blood analysis provides 1 s 
an indication of the current status of metabolism (e.g. 
glucose content) as well as level of risk associated with 
certain major illnesses (e.g. risk of cardio-vascular dis- 
ease as a function of cholesterol level). Blood analysis, 
by the detection of above or below normal levels of var- 20 
ious substances also provides direct indication of the 
presence of many types of diseases and dysfunctions. 

The normal method of determining blood chemistry 
is by removing a sample of blood (e.g. 5-10 ml) and per- 
forming one or more standard chemical tests. These 25 
types of tests are moderately expensive, require one 
class of trained technicians to remove the blood and 
another class of trained technicians to perform the 
chemical tests. Moreover, the results of the blood tests 
often are not available for several hours, and sometimes so 
even several days. 

Recently, an alternative type of technology (i.e. self- 
contained instruments) has been introduced for rela- 
tively rapid blood screening of a large number of sub- 
jects. These instruments, in general, use a much 
smaller blood sample (approximately .25 ml) from a lin- 
ger poke." This small blood sample is placed on a 
chemically-treated carrier and entered into the instru- 
ment. These instruments normally provide either an 
individual analyses (e.g. glucose level) or multiple anal- 
ysis in a few moments. These types of instruments 
unfortunately are quite costly, e.g., in the range of sev- 
eral thousand dollars. 

A third class of blood instrumentation is available 
for the specific purpose of determining glucose level in 
people with diabetes. This technology also uses a small 
sample from a finger poke and the sample is placed on 
a chemically treated carrier which is inserted into a port- 
able battery operated instrument. In general, these 
instruments provide a single function; i.e. measurement 
of glucose. Although these specialized instruments are 
relatively low cost ($300 or less Is typical), the cost of 
the disposable carrier "stick" must be considered. Since 
some diabetic patients may require glucose analysis 
four or more times a day, the cost over a period of a year 
can become significant. 

Current glucose analytical systems require blood to 
be extracted from the body prior to performing the anal- 



ysis. This blood withdrawal requirement Hmits the appli- 
cation of such testing; many people who may be 
interested in knowing their glucose level are reluctant to 
have either their finger poked or blood samples 
removed by hypodermic needle. This reluctance or anx- 
iety in allowing blood sample removal is due to concern 
over the possibility of infection, discomfort (pain) and 
generalized patient fear. 

Thus, there is a great need for non-invasive analyt- 
ical instruments and methods that would provide essen- 
tially the same accuracy as conventional blood glucose 
tests. Moreover, there is a need for a non-invasive low- 
cost method for measurement of glucose in diabetic 
patients. 

Near-infrared (sometimes referred to herein as sim- 
ply "near- 1 R") quantitative analysis is widely used in the 
field of agriculture for determining chemical composi- 
tions within grain, oilseeds, and other agricultural prod- 
ucts. As an example, near-IR energy reflected from the 
surface of finely ground seeds and grain provides infor- 
mation concerning protein and moisture content. For a 
general introduction to near infrared quantitative analy- 
sis, see "An Introduction to Near- Infrared Quantitative 
Analysis" presented by Robert D. Rosenthal at the 1977 
Annual Meeting of American Association of Cereal 
Chemists. Near-infrared technology has been extended 
to allow totally non-destructive measurements by using 
light transmission through a sample as discussed in 
"Characteristics of Non-Destructive Near-Infrared 
Instruments for Grain and Food Products" by Robert D. 
Rosenthal, presented at the 1986 Meeting at the Japan . 
Food Science Institute. Although this transmission 
approach avoids the need to finely grind the sample, it is 
not suited for use where access to two opposite sur- 
faces is not available. 

One example of this transmission approach is pro- 
vided in U. S. Patent No. 4,621,643 (New, Jr. et al., 
1 986) relates to an optical oximeter apparatus for deter- 
mining pulse rate and degree of arterial oxygen satura- 
tion. Light energy is passed through an appendage of 
the body, e.g. a finger, and strikes a detector positioned 
on a side of the appendage opposite from the light 
source. Pulse rate and saturated oxygen are calculated 
from coefficients of extinction of light at the selected 
wavelengths. 

Another approach to near-infrared quantitative 
analysis, using near-infrared interactance, was devel- 
oped for non-invasively measuring body fat content. 
This approach is described in "A New Approach for the 
Estimation of Body Composition: Infrared Interactance", 
Joan M. Conway et al., The American Journal of Clinical 
Nutrition, 40: Dec. 1984, pages 1123-1230. In this non- 
invasive technique, a small optical probe that allows 
optical energy to enter the arm is placed on the biceps. 
The percent body fat of the entire body is determined by 
measuring the spectrum change of the energy returned 
from an area adjacent the light entry point. 

Document EP-A-0 160 768 discloses an apparatus 
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and a method as defined, respectively, in the preambles 
of claims 1 and 17. 

In accordance with the present invention, a near- 
infrared quantitative analysis instrument for non-inva- 
sive measurement of blood glucose in blood present in 
a body part of a subject, comprising: (a) means for intro- 
ducing near-infrared energy into blood present in a body 
part of a subject; (b) a near-infrared detector for detect- 
ing near-infrared energy emerging from the body part 
and for providing a signal upon detection of near-infra- 
red energy emerging from the body part; (c) means for 
positioning both the near-infrared introducing means 
and the near-infrared detector closely adjacent to the 
body part so that near-infrared energy detected by the 
detector corresponds to blood glucose level in said body 
part; and (d) means for processing the signal produced 
by the detector into a second signal indicative of the 
quantity of glucose present in the blood of the subject; 
characterised in that the near-infrared detector is 
arranged to detect infrared energy emerging from the 
body part said near-infrared energy comprising a plural- 
ity of wavelength pairs within the range of about 600 to 
1100 nanometers, said plurality of wavelength pairs 
being centred on the same wavelength. 

The present invention also provides a non-invasive 
method for quantitatively analyzing blood glucose in 
blood of -a subject, comprising: (a) introducing near- 
infrared energy into blood within a body part of the sub- 
ject; (b) detecting near-infrared energy emerging from 
the subject with a detector which provides a signal upon 
detecting said energy emerging from the subject; and 
(c) processing the signal to provide a second signal 
indicative of the amount of glucose present in the blood 
of the subject; characterized in that a plurality of pairs of 
wavelengths of near-infrared energy within the range of 
about 600 to 1100 nm are detected by said detector, 
said plurality of pairs of wavelengths being centered on 
the same wavelength. 

Some of these inventive methods utilize the princi- 
pal of near-IR transmission while others utilize the prin- 
cipal of near-IR interactance. 

In accordance with one aspect of the present inven- 
tion, a near-infrared quantitative analysis instrument for 
measuring blood glucose comprises means for intro- 
ducing near-IR energy into blood present in a blood ves- 
sel, means for detecting near-IR energy following 
interactance of the same with the blood, and means for 
positioning the introducing means and detecting means 
over a blood vessel of the subject. 

This aspect of the invention further relates to meth- 
ods wherein near-IR energy is introduced into a vein or 
artery of a subject and interacts with blood glucose, the 
near-IR energy emerging from the subject is detected 
by a detector which provides an electrical signal, and 
the signal is processed to provide a readout indicative of 
the amount of glucose in the blood. 

This aspect of the invention also relates to means 
and methods for marking a position over a vein or artery 



of a subject and then aligning a near-IR analysis instru- 
ment with the markings to accurately position the instru- 
ment. 

Another aspect of the invention relates to an appa- 
5 ratus for measuring blood glucose via near-IR transmis- 
sion through a blood-containing body part, the 
apparatus including means for introducing near-IR 
energy into one side of a body part, means for detecting 
near-IR energy emerging from an opposite side of the 
10 body part and means for positioning the near-IR intro- 
ducing and detecting means on opposite sides of the 
body part. 

This aspect of the invention also relates to methods 
for measuring blood glucose via near-IR transmission 
is including the steps of introducing near-IR energy into 
one side of a blood-containing body part, detecting 
near-IR energy emerging from an opposite side of the 
body part and calculating blood glucose content. 

20 Brief Description of the Drawings 

FIG. 1 is a partially schematic elevational view of a 
near-infrared quantitative Wood analysis instrument to 
which the present invention pertains. 
25 FIGS. 2A and 2B are partially schematic elevational 
views of alternate embodiments of near-infrared quanti- 
tative analysis instruments. 

FIG. 3 is an elevational view of a location device for 
use with the instrument shown in FIG. 1. 
30 FIG. 4 illustrates one embodiment for practicing the 
inventive method. 

FIGS. 5A and 5B illustrate two known configura- 
tions for interposing filters in a light path. 

FIG. 6 is a plot of log (1/1) versus wavelength. 
35 FIG. 7 illustrates a wavelength search study via a 
plot of correlation coefficient versus wavelength. 

FIGS. 8 and 9 show plots of midpoint wavelength 
versus correlation coefficient for first derivative equa- 
tions. 

40 FIGS. 1 0 and 1 1 illustrate plots of correlation coeffi- 
cient versus wavelength for second derivative equa- 
tions. 

Detailed Description of the Preferred Embodiments 

45 

This invention uses the principle of light interact- 
ance to measure blood glucose level non-invasively by 
locating an optical transmitter and a detector on the skin 
surface near either an artery or vein. Alternatively, the 

so invention uses the principal of light transmission 
through a portion of the body that has relatively uniform 
profusion of blood in order to measure non-invasively 
blood glucose. 

In general, the arteries and veins of the human 

55 body are buried deep in the body to protect them from 
possible harm. However, in certain locations of the 
body, these blood carrying vessels are close to the skin 
surface. This is particularly true for veins. Some exam- 
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pies of such locations are at the crease of the elbow, the 
wrist, the back of the hand, and the bridge of the nose. 
Since the concentration of glucose is relatively constant 
in both the veins and arteries, valid measurements can 
be obtained in either. However, because veins are gen- 
erally closer to the skin's surface, they usually are the 
better candidate for non-invasive measurements. 

The finger tip is another site particularly well suited 
for performing Wood measurements with near- 1 R light. 
The blood supply is distributed within the finger tip and. 
thus, small variations in the placement of a near-lR 
emitter or detector will not have a profound effect on the 
measurement results. 

According to one embodiment of the invention uti- 
lizing near-IR interactance analysis techniques. near-IR 
light energy is passed through the skin and connective 
tissues and into a blood vessel of a subject. A portion of 
the energy re-emerges from the blood vessel of the test 
subject and is detected by a detector. Following amplifi- 
cation of the detector-generated signal, the amplified 
output is processed into an output signal indicating the 
amount of glucose in the subject's blood. The output 
signal drives a display device for providing a visual dis- 
play of blood glucose content. 

According to another embodiment of the invention 
utilizing near-IR transmission analysis techniques, 
near-IR light energy is transmitted through a blood-con- 
taining portion of the body of a test subject. The near-IR 
energy emerges from the test subject, opposite from the 
near-IR source, and is detected by a detector. Following 
amplification of the detector-generated signal, the 
amplified output is processed into an output signal indi- 
cating the amount of glucose in the subject's blood. 

In one embodiment utilizing near-IR interactance, 
the entire analytical instrument, including near-infrared 
source, transmitter, detector, amplifier, data processing 
circuitry and readout is contained within a lightweight 
hand-held unit. Infrared emitting diodes (IREDs) dis- 
posed in one chamber of the unit are focused to trans- 
mit near-IR energy of preselected wavelengths to, e.g., 
a prominent vein of the wrist. The near-IR energy inter- 
acts with the constituents of the venous blood and is re- 
emitted from the vein. A detector housed within a sec- 
ond chamber of the unit is disposed along the vein a dis- 
tance (I) from the emitter and collects this energy. The 
detected signal is amplified and data processed into a 
signal indicative of the amount of glucose in the blood. 
This signal is then fed to a readout device (preferably a 
digital readout) for recordation by a technician or direct 
analysis by a physician or the subject himself. 

Other near-IR apparatus, such as the optical probe 
and associated instrumentation described in U.S. Pat- 
ent No. 4,633,087 (Rosenthal), are useful in the practice 
of the present methods in which near-IR interactance is 
* used to quantitatively measure blood glucose levels. 
A location device may be used which is specially 
adapted to permit the user to locate the interactance 
instrument discussed above accurately along a vein. 



The location device permits the skin to be marked to 
ensure that repeated measurements are taken from the 
same location, rf desired. 

A particularly preferred lightweight, hand-held inter- 
5 actance analysis instrument in accordance with the 
invention is illustrated in Fig. 1. The instrument 10 
includes one or more means for providing at least one 
point source of near-infrared energy of a predetermined 
half-power bandwidth centered on a wavelength of 

10 interest positioned within a first chamber 30 of the 
instrument 10. The near-infrared point source means 
are positioned so that near-infrared energy being emit- 
ted from the point source means will be focussed by 
lens 12 through window 14 and onto the skin of the test 

is subject. The near-infrared point source means may 
comprise one or a plurality of infrared emitting diodes 
(IREDs). Two such IREDs 16 are visible in the embodi- 
ment illustrated in Fig. 1. In other embodiments employ- 
ing a plurality of IREDs. three, four or more IREDs may 

20 be utilized as the point source means. 

In lieu of laborious characterization and sorting of 
each IRED, we prefer to provide narrow bandpass opti- 
cal filters (as shown schematically in Fig. 1) between 
the infrared emitting diodes and the lens 12. A filter 23 

25 is positioned between each IRED and lens 12 for filter- 
ing near infrared radiation exiting each IRED and 
thereby allowing a narrow band of near-infrared radia- 
tion of predetermined wavelength to pass through the 
filter and lens 12. Utilization of narrow bandpass optical 

so filters provides for specific wavelength selection inde- 
pendent of the center wavelengths of the particular 
infrared emitting diodes being used. Measurements can 
be taken inside the half power bandwidth of the IREDs, 
or alternatively, outside the half power bandwidth of the 

35 IREDs as disclosed in commonly owned U.S. Patent No. 
4,286,327. Figs. 5A and 5B illustrate two known config- 
urations for interposing filters in a light path. 

An optical detector, illustrated schematically and 
designated by reference numeral 28, is disposed within 

40 a lower end portion 42 of a second chamber 40 in case 
20. Inner wail 22 is positioned between detector 28 and 
lens 12, thereby providing an optically-isolating mask 
which prevents near infrared radiation from the point 
source means and/or lens 12 from impinging directly on 

as detector 28. Optical detector 28 generates an electrical 
signal when near-infrared radiation is detected. 

The optical detector 28 is connected to the input of 
an electrical signal amplifier 32 by suitable electrical 
conducting means 33. Amplifier 32 may be an inexpen- 

so sive integrated circuit (IC) signal amplifier, and amplifies 
the signals generated when near-IR energy strikes 
detector 28. The output of amplifier 32 is fed to a data 
processor and display driver 34 which provides a signal 
to readout device 36. The readout device 36 may have 

55 a digital display for directly displaying the amount of glu- 
cose present in the subject's blood. 

The embodiment of Fig. 1 includes an optical filter 
29 for shielding all but the desired near-IR energy from 
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detector 28. Filter 29 and window 14 are positioned for 
direct contact with the skin of the test subject. An opti- 
cally clear window can be employed in lieu of f ilter 29, if 
desired. 

As noted earlier, this embodiment of the present 
invention utilizes the principal of near-IR interactance 
for quantitative analysis. In interactance, light from a 
source is shielded by an opaque member from a detec- 
tor so that only light that has interacted with the subject 
is detected. Accurate measurements of the concentra- 
tion of blood glucose can be made using many of the 
conventional algorithms used in near-IR quantitative 
analysis including those that have only a single variable 
term such as the following: 

Approx ima ted First Perivative Algorithm 

C-Ko + K, [log 1/I Q -log 

Approximated Second Derivative Algorithm 
C = K 0 + K 1 flog 1/1 A - 2*log 1/1 B + log 1/1 c ] 

Normalized First Derivative Algorithm 

O ~*o + * 1 [log 1/1, -log 1/1 J 

Normalized Second Derivative Algorithm 

[logl/l A -21og1/l B + logl/l c ] 
0+1 [log 1/1 p* 2*log 1/1 E + log 1/1 F ] 

where the first two of the above equations do not form 
part of the present invention, and where C denotes con- 
centration of glucose present in the blood, Kq is the 
intercept constant, K<\ is the line slope of the variable 
term, and log 1/1 terms are as defined in Figure 6. Fig- 
ure 6 illustrates how a plurality of wavelength pairs, all 
centered on the same wavelength (approximately 980 
nm), are used in the algorithms. These algorithms are 
standard in near-IR analysis techniques and are easily 
programmed into suitable microprocessor circuitry by 
those skilled in the art. The use of these single variable 
term equations is highly desirable because it allows 
simplified instrument calibration, thereby allowing the 
production of low cost instruments. 

The intercept constant Kq and the slope constant 
Ki are initially determined for a "master unit" (which 
employs components similar or identical to those of the 
production units) by simple linear regression analyses 
of known samples, i.e., optical readings are obtained 
from the instrument being constructed for a representa- 
tive number of samples which have been previously 



accurately analyzed via another, well-established tech- 
nique, and the optical readings and previously meas- 
ured percentages are utilized to calculate sets of 
constant values for blood glucose content using a con- 

s ventional regression algorithm in a digital computer. The 
respective K 1 slope and Kq intercept values are then 
programmed into each production unit of the analyzing 
instrument so that each production unit can directly 
compute values for blood glucose from optical data 

10 readings. 

Another class of usable near-IR standard algo- 
rithms involves the use of multiple regression terms. 
Such terms can be individual log 1/1 terms or can be a 
multiple number of first or second derivative terms with 

is a normalizing denominator. Such multiple terms may 
provide additional accuracy, but introduce much higher 
calibration expense which results in a more expensive 
instrument. 

Data on a plurality of physical parameters of the 
20 body can also be utilized in conjunction with multiple 
wavelength measurement of near-infrared interactance, 
as in prior U.S. Patent No. 4,633,087, to improve the 
accuracy of the present blood glucose measurements. 
In use, the analysis instrument 10 is positioned so 
25 that its flat bottom surface rests on the skin directly 
above the prominent vein of the wrist of a test subject. 
Light at the selected wavelengths emerging from the 
instrument interacts with venous blood of the subject 
and is detected by detector 28. Detector 28 generates 
30 an electrical signal which is processed as described 
above. 

A key to accurate analysis is the ability of the user 
to locate the transmitter and detector filter (or window) 
directly over the prominent vein of the wrist. TheJoca- 

35 tion device illustrated in Figure 3 greatly facilitates this 
procedure. The device 50 is constructed of, e.g., a plas- 
. tic material and has an overall length L equal to the 
length L of the analysis instrument 1 0 of Figure 1 . Two 
holes 51 are present in the device and are located in the 

40 same relation as 14 and 19 in Figure 1 , on midline 52, a 
distance / apart corresponding to the distance / of Fig- 
ure 1 . The holes 51 permit observation of the prominent 
vein. When the device is placed on the wrist and the 
vein is centered in each hole 51, the wrist is marked 

45 (e.g. with a felt-tipped pen) at notches 53. The location 
device is then removed and replaced by the analysis 
instrument 10 with assurance that the instrument is 
accurately disposed directly over the vein. 

An alternate procedure for practicing the inventive 

so method is accomplished by the use of fiber optic light 
probes as seen in Figure 4. These probes are con- 
nected with a known near-IR analysis instrument such 
as the TREBOR-70 scannnig spectrophotometer. A 
probe 60 is placed over the prominent vein and trans- 

55 mits near-IR energy of the desired wavelength(s). The 
near-IR energy interacts with the blood constituents and 
is collected by a second probe 62 placed over the vein a 
short distance / from first probe 60. A detector associ- 
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ated with the analytical instrument provides an electrical 
signal which is processed, as described above, to 
reveal quantitative information concerning Wood glu- 
cose. 

We have found that accurate quantitative analysis 
of blood glucose levels can be made at a variety of 
wavelengths with both interactance and transmittance 
technologies. In the embodiment illustrated in Figures 
2A and 2B near-IR light energy is transmitted through 
the finger of the test subject and then detected by an 
optical detector. As in all near-IR quantitative analysis 
instruments, a combination of measurement wave- 
lengths is selected which emphasizes the glucose 
absorption and removes the affect of interfering absorp- 
tion, for example, due to water, fat and protein. Such 
selection is normally performed by computer search 
studies. Figure 7 illustrates such a search study. Figure 
7 presents correlation coefficient versus wavelength for 
an approximated first derivative algorithm, which is not 
part of the present invention, and illustrates that the use 
of the wavelength pair of 980 ± (plus and minus) 35 nm 
provides a high correlation between blood glucose and 
absorption of near-IR energy at those two wavelengths. 

An example of one embodiment of the invention 
uses IREDs which provide near-IR energy. Two fre- 
quencies are, respectively, equidistant above and below 
approximately 980 nm, i.e., they can be represented by 
the formula 980 ± x nm. The value of x is not critical so 
long as the two frequencies are centered on approxi- 
mately 980 nm. For example x can be a number from 1 0 
to 40. 

Figure 8 shows that an optimum wavelength for a 
numerator in the first derivative division equation is 
approximately 1013 nm (i.e., 980 + 35 nm). Figure 9 
shows that there are many wavelength regions that can 
provide midpoint wavelengths for use in the denomina- 
tor of the first derivative division equation when the 
numerator utilizes 980 ± 35 nm wavelengths. Examples 
of such regions are seen to be from 61 0 to 660 nm, from 
910 to 980 nm and from 990 to 1080 nm. 

Figures 10 and 11 illustrate optimum center wave- 
lengths for use in second derivative division equations. 
Figure 1 0 shows via a plot of correlation coefficient ver- 
sus wavelength that the optimum numerator center fre- 
quency is approximately 1020 nm. Figure 1 1 shows that 
a denominator center frequency of about 850 nm is opti- 
mum. 

As seen in Figure 2A, a near-IR probe 100 is 
adapted to be placed over the finger F of a test subject 
and in this particular embodiment includes a point 
source means of near-IR light energy comprised of two 
IREDs 116 disposed within of an upper flange 110. 
Each IRED is paired with a narrow bandpass optical fil- 
ter 123 and is optically isolated via opaque light baffle 
119. The inwardly-facing surface of flange 110 is pro- 
vided with an optional optically clear window 114 for 
placement against the subject's finger. 

Upper flange 1 10 is hinged about shaft 1 1 1 to lower 



flange 120, and a spring 112 serves to maintain the. 
flanges in a closed position. An optical detector 128 is 
disposed in lower flange 120 opposite the near-IR 
source 1 16. The detector is disposed behind an optional 

5 window 129 which can be constructed of a material 
which is either optically clear or which excludes visible 
light yet permits near-IR light to pass. A finger stop 103 
helps place and maintain the subject's finger in its 
proper position within the probe 100. Each of the 

10 flanges is provided with light-shielding barriers 113 
(shown in phantom in Figure 2A) to block ambient light 
from entering the probe. 

In this embodiment the IREDs are pulsed, i.e. ener- 
gized in sequence, so that the detector 128 receives 

15 light transmitted from only one of the IREDs at any one 
time. This pulsed IRED technology is described in com- 
monly owned U.S. Patent No. 4,286,327. In other similar 
embodiments a group of IREDs (and optional narrow 
bandpass filters) with identical wavelength output can 

20 be pulsed. 

Probe 100 is in electrical connection with a proces- 
sor unit which is schematically illustrated in Figure 2A. 
The processor unit houses a power source, signal 
amplifying, data processing and display circuitry as 

25 described in connection with the embodiment of Figure 
1 and standard in near-IR analysis instrumentation. 

An alternate embodiment is seen in Figure 2B. 
Here, probe 1 1 0 includes a single constant output IRED 
116 installed behind an optional window 114. Light 

30 transmitted through the finger is gathered by optical fun- 
nel 112, which is constructed of a transparent material, 
and detected by multiple detectors 128. The detectors 
are optically isolated from one another by opaque light 
baffle 119. Each detector is paired with a narrow band- 

35 pass optical filter 123 and thus is set up to detect only 
light within the narrow wavelength range of its filter. 

Near-IR point source means 1 16 can consist of one 
or more IREDs of known bandwidth and center fre- 
quency output or, as described above, can include a 

40 narrow bandpass optical filter within the light path to 
provide for the detection of only those wavelengths 
which are of interest. Multiple wavelengths can be uti- 
lized in transmission analysis and can be generated via 
multiple IREDs provided they are consecutively illumi- 

45 nated. Another approach is to use a single IRED with 
multiple bandpass filters which are mechanically moved 
through the light path as seen in Figure 5B. A third 
approach uses a single or group of IREDs capable of 
emitting a plurality of desired wavelengths with the use 

so of multiple optical filters, each filter being married to a 
respective detector. Single IREDs which emit two. three 
or four narrow bandwidths are commercially available. 

In use. the finger of the test subject is inserted 
between the flanges 1 10 of the probe 100. Near-IR light 

55 energy is emitted by the point source means, is trans- 
mitted through the finger and is detected by optical 
detector 128. The electrical signals produced by the 
detectors are transmitted via line 130 to a processor unit 
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where the signal is amplified and data processed (using 
the above algorithm) as described in connection with 
the apparatus of Figure 1. Blood glucose level is dis- 
played on a readout device which preferably includes a 
digital display. 5 

The accuracy of this preferred near-IR transmission 
embodiment can be further improved by altering the 
algorithm to include finger thickness as a parameter. 
According to Lambert's law, energy absorption is 
approximately proportional to the square of the thick- 10 
ness of the object. The thickness of the test subject's 
finger can be quantified by installing a potentiometer 
140 between the flanges of the probe 100 as seen in 
Figures 2A and 2B. The output of the potentiometer, 
which is in electrical connection with the data process- 
ing circuitry, is indicative of finger thickness. A non-lin- 
ear potentiometer can approximate the T 2 value via its 
output alone so that a separate squaring calculation 
step is not required. 

Although the invention has been described in con- 
nection with certain preferred embodiments, it is not lim- 
ited to them. Modifications within the scope of the 
following claims will be apparent to those skilled in the 
art. For example, accurate measurements can be 
obtained from parts of the body besides the wrist and 
the finger. The algorithm used to calculate blood constit- 
uent concentration(s) can be altered in accordance with 
known near-infrared analytical techniques. 

Claims 



wavelength pairs within the range of about 600 
to 1100 nanometres, said plurality of wave- 
length pairs being centred on the same wave- 
length. 

2. An analysis instrument as claimed in claim 1, 
wherein said positioning means includes a case 
(20), said introducing means being disposed in a 
first chamber (30) of said case (20), said detector 
(28) being disposed in a second chamber (40) of 
said case (20), said case (20) having means (22) 
for separating the first and second chambers for 
preventing near-infrared energy from the introduc- 
ing means from impinging directly on the detector. 

3. An analysis instrument according to claim 1 or 2, 
wherein said introducing means includes a near- 
infrared energy source (16, 16'; 11 6) and transmit- 
ting means (12) for transmitting said energy into the 
body part. 

4. An analysis instrument according to claim 3, 
wherein said transmitting means comprises a lens 
(12) for focusing said infrared energy onto the body 
part. 

5. An analysis instrument according to any one of the 
preceding claims, wherein said introducing means 
comprises at least one infrared emitting diode 
(16,16';116). 



20 



25 



1. A near-infrared quantitative analysis instrument 
(10;100) for non-invasive measurement of blood 
glucose in blood present in a body part (F) of a sub- 
ject, comprising: 35 

(a) means (12,16,16 , 1 23;116;23 , ;23 M ) for intro- 
ducing near-infrared energy into blood present 
in a body part of a subject; 

(b) a near-infrared detector (28;1 28) for detect- *o 
ing near-infrared energy emerging from the 
body part (F) and for providing a signal upon 
detection of near-infrared energy emerging 
from the body part; 

(c) means (50;1 10,1 1 1 .1 12,120) for positioning 45 
both the near-infrared introducing means (12) 
and the near-infrared detector (28;128) closely 
adjacent to the body part so that near-infrared 
energy detected by the detector corresponds to 
blood glucose level in said body part; and so 

(d) means (32,34;150) for processing the sig- 
nal produced by the detector (28;128) into a 
second signal indicative of the quantity of glu- 
cose present in the blood of the subject; 

characterised in that the near-infrared 55 
detector (28;128) is arranged to detect infrared 
energy emerging from the body part (F), said 
near-infrared energy comprising a plurality of 



6. An analysis instrument according to any one of 
claims 1 to 5, wherein said processing means com- 
prises amplifier means (32) for amplifying the signal 
provided by said detector, and data processing 
means (34) for converting the signal from the detec- 
tor into said second signal. 

7. An analysis instrument according to any one of the 
preceding claims, wherein a filter (23) is provided 
for selectively transmitting near-infrared energy, 
which filter is disposed between said source and 
said body part. 

8. An analysis instrument according to any one of the 
preceding claims, wherein said introducing means 
(16,16';116) provides a bandwidth centered on 
about 980 nanometres. 

9. .An analysis instrument according to any one of the 
preceding claims, wherein said positioning means 
(50) comprises means (51,53) for marking a posi- 
tion for said instrument over a Wood vessel of a 
subject. 

10. An analysis instrument according to any one of 
claims 1 to 8, wherein said positioning means com- 
prises means (110,111,112,120) for positioning 
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said introducing means (116) closely adjacent to 
one side of the body part and for positioning said 
detector (128) closely adjacent to an opposite side 
of the body part whereby near-infrared energy emit- 
ted by said introducing means is transmitted 
through said body part and detected by said detec- 
tor. 



[tog 1/1 A - 2*log 1/1 B + log 1/1 d 
[log 1/I 0 - 2*1og 1/1 E + log 1/1 F ] 

and log 1/1 A , log 1/I B . log 1/l c , log 1% log 1/I E , and 
log 1/I F each represent an optical density value at 
corresponding wavelengths A, B, C, D, E and F. 



11. An analysis instrument according to claim 10, fur- 
ther including means (140) for measuring the thick- 
ness of the body part. 

12. An analysis instrument as claimed in claim 11, 
wherein said measuring means (140) is arranged to 
provide an electrical signal indicative of the thick- 
ness of the body part. 

13. An analysis instrument according to claim 12, 
wherein said measuring means (140) comprises a 
variable resistor. 

14. An analysis instrument according to any one of the 
preceding claims, wherein said said plurality of 
pairs of wavelengths are centred on about 980 nan- 
ometres. 

15. An analysis instrument according to any one of 
claims 1 to 14, wherein the signal processing 
means (32,34; 150) processes the signal according 
to the formula 



17. A non-invasive method for quantitatively analysing 
10 ■ blood glucose in blood of a subject, comprising: 

(a) introducing near-infrared energy into blood 
within a body part (F) of the subject; 

(b) detecting near-infrared energy emerging 
15 from the subject with a detector (28;1 28) which 

provides a signal upon detecting said energy 
emerging from the subject; and 

(c) processing the signal to provide a second 
signal indicative of the amount of glucose 

20 present in the blood of the subject; 

characterized in that a plurality of pairs 
of wavelengths of near-infrared energy within 
the range of about 600-1 100nm are detected 
by said detector, said plurality of pairs of wave- 

25 lengths being centered on the same wave- 

length. 

18. A method according to claim 17, wherein said plu- 
rality of pairs of wavelengths are centered on about 

30 980 nanometres. 



C = K n + K 



pog 1/1 G - log 1/1 h] 
[log 1/1, -log 1/1 J 



wherein C is concentration of glucose present in the 
blood, Kq is an intercept constant, Kj is line slope of 



35 



19. A method according to claim 17 or 18, wherein the 
signal is processed according to the formula 



[log 1/1 q - log 1/1 H ] 
[log 1/1, - log 1/1 J 



Pog1/l G -log1/l H ] 
[log 1/1,- log 1/1 j] 



Pog1/l A -2;iog 1/1 B + log 1/1 c ] 
pog 1/l D -21og 1/1 E + log 1/1 F ] 



wherein C is concentration of glucose present in the 
blood, Kq is an intercept constant, K 1 is the line 
slope of 



40 



and log 1/I G , log 1/I H , log 1/l| and log 1/lj each rep- 
resent an optical density value at corresponding 
wavelengths G, H, I and J. ' 45 



16. An analysis instrument according to any one of 
claims 1 to 14, wherein the signal processing 
means (32,34; 150) processes the signal according 
to the formula 



50 



55 



wherein C is concentration of glucose present in the 
blood, Kq is an intercept constant, is line slope of 

[logl/l G -log 1/1 H ] 
pog 1/1, -log 1/1 J 

and log 1/I G , log 1/I H , log 1/1,, log 1/lj each repre- 
sent an optical density value at corresponding 
wavelengths G, H, I and J. 

20. A method according to claim 17 or 18, wherein the 
signal is processed according to the formula 



[log1/l A -21og 1/1 B + log 1/1 c ] 
: *° + K 1 [log 1/1 D - 2*log 1/1 E + log 1/1 F ] 



wherein C is concentration of glucose present in the 
blood, Kq is an intercept constant, is the line 
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slope of 

[log 1/l A -2*log 1/1 B + log 1/1 c ] 
Pog 1/1 D - 2*log 1/1 E + log 1/1 F ] 

and log 1/I A , log 1% log 1/l c , log 1/I|> log 1/I E , and 
log 1/I F each represent an optical density value at 
corresponding wavelengths A, B, C, D, E and F. 

21 . A method as claimed in any one of claims 1 7 to 20 
wherein 

the near infrared energy is introduced into a 
vein or, artery of the subject by placing intro- 
ducing means (16,16\2,23) for introducing 
near infrared energy closely adjacent to the 
vein or the artery, said near infrared energy 
interacting with the blood glucose of the subject 
and then emerging from the vein or artery; and 
the detector (28) is positioned close adjacent to 
the vein or artery and along the vein or artery a 
predetermined distance from the introducing 
means. 

22. A method as claimed in any one of claims 1 7 to 21 
comprising the steps of 

marking a position for locating a quantitative 
analysis instrument over a vein or artery of a 
subject with a marking device; 
aligning said instrument with said marked posi- 
tion, said instrument including introducing 
means (16, 16', 12) for introducing said near- 
infrared radiation into venous or arterial Wood, 
said detector (28) for detecting near-infrared 
energy following interactance with blood glu- 
cose and processing means for processing the 
signal provided by the detector into a display 
indicative of blood glucose content; and 
displaying results indicative of the blood glu- 
cose level based on said detected near-infra- 
red radiation. 

Patentanspruche 

1. Instrument (10; 100), das im nahen Infrarot arbeitet, 
zur quantitation Analyse von nicht-invasiven Mes- 
sungen von Blutzucker, der in dem Blut in einem 
KOrperteil (F) eines Wesens vorhanden ist, umfas- 
send: 

(a) Einrichtungen (12, 16, 16\ 23; 116; 23'; 23T 
zum Einbringen der Energie des nahen Infra- 
rots in das in einem KOrperteil von einem 
Wesen vomandene Blut; 

(b) einen Detektor (28; 128) fur nahes infrarot 
zur Erfassung der von dem KOrperteil (F) aus- 



tretenden Energie des nahen Infrarots und zur 
Erzeugung eines Signals aufgrund der Erfas- 
sung der aus dem KOrperteil austretenden 
Energie des nahen Infrarots; 

s (c) Einrichtungen (50; 110; 111. 112. 120) zum 

Positionieren sowohl der Einrichtungen (12) 
zum Einbringen des nahen Infrarots als auch 
des Detektors (28; 128) fur das nahe Infrarot 
eng angrenzend an dem KOrperteil derart, daB 

io die von dem Detektor erfaBte Energie des 

nahen Infrarots dem Blutzuckerspiegel dieses 
KOrperteils entspricht; und 
(d) Einrichtungen (32, 34; 150) zum Verarbei- 
ten des von dem Detektor (28; 128) erzeugten 

is Signals in ein wettes Signal, das die Quantrtat 

des im Blut des Wesens vorhandenen Zuckers 
anzeigt; dadurch gekennzeichnet, daB der 
Detektor (28; 128) fur das nahe Infrarot ange- 
ordnet ist, urn die aus dem KOrperteil (F) aus- 

20 tretende Infrarot-Energie zu erfassen, wobei 

die Energie des nahen Infrarots eine Vielzahl 
von Welleniangenpaaren innerhalb eines 
Bereiches von etwa 600 bis 1100 Nanometer 
erfaftt, wobei die Vielzahl dieser Welleniangen- 

25 paare auf die gleiche Welleniange zentriert 

sind. 

2. Analyseinstrument nach Anspruch 1, worin diese 
Positioniereinrichtungen ein Gehause (20) enthal- 

30 ten, diese Einrichtungen zum Einbringen in einer 
ersten Kammer (30) von diesem Gehause (20) 
angeordnet sind, dieser Detektor (28) in einer zwei- 
ten Kammer (40) von diesem Gehause (20) ange- 
ordnet ist, dieses Gehause (20) Einrichtungen (22) 

35 aufweist, die die erste von der zweiten Kammer 
trennt, urn zu verhindem, daB die Energie des 
nahen Infrarots von den Einrichtungen zum Einbrin- 
gen direkt auf den Detektor auftreffen. 

io 3. Analyseinstrument nach Anspruch 1 Oder 2, worin 
diese Einrichtungen zum Einbringen eine Energie- 
quelle (16, 16'; 1 16) fur nahes Infrarot sowie Ober- 
tragungseinrichtungen (12) enthalten zum 
Qbertragen dieser Energie in den KOrperteil hinein. 

45 

4. Analyseinstrument nach Anspruch 3, worin diese 
Einrichtungen zum Qbertragen eine Linse (12) 
umfassen zum Fokussieren dieser Infrarot-Energie 
auf den KOrperteil. 

50 

5. Analyseinstrument nach irgend einem der vorste- 
henden Anspruche, worin diese Einrichtungen zum 
Einbringen zumindest eine Infrarot emittierende 
Diode (16. 16*; 116) enthalten. 

55 

6. Analyseinstrument nach irgend einem der Anspru- 
che 1 bis 5, worin diese Einrichtungen zum Verar- 
beiten eine Verstarkereinrichtung (32) umfaBt zum 
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7. 



Verstarken des von diesem Detektor zur VerfOgung 
gestellten Signals, sowie Datenverarbeitungsein- 
richtungen (34) enthalt zum Konvertieren des 
Signals von dem Detektor in dieses zweite Signal. 

Analyseinstrument nach irgend einem der vorste- 
henden Anspruche, worin ein Filter (23) vorgese- 
hen ist zum selektiven Obertragen der Energie des 
nahen Infrarots, wobei dieses Filter zwischen die- 
ser Quelle und diesem KOrperteil angeordnet ist. 

Analyseinstrument nach irgend einem der vorste- 
henden Anspruche. worin diese Einrichtungen (16. 
16*; 116) zum Einbringen eine Bandbreite zur Ver- 
fOgung stellt, die urn etwa 980 Nanometer zentriert 
ist. 



[logl/) G -logl/l H ] 
C-K^k, [log1/l|rlog1/lj] 



worin C die Konzentration des in dem Blut vorhan- 
denen Zuckers ist, Kq eine Intercept-Konstante ist, 
Kt die Linienneigung ist von 



to 



15 



Analyseinstrument nach irgend einem der vorste- 
henden Anspruche, worin diese Einrichtungen (50) 
zum Positionieren Einrichtungen (51 , 53) umfassen 20 
zum Markieren einer Position fur dieses Instrument 
uber einem BlutgefaB von einem Wesen. 



1 0. Analyseinstrument nach irgend einem der Anspru- 
che 1 bis 8, worin diese Einrichtungen zum Positio- 
nieren Einrichtungen (110, 111, 112, 120) umfaBt, 
urn diese Einrichtungen zum Einbringen nahe an 
einer Seite des KOrperteils angrenzend zu positio- 
nieren, und urn diesen Detektor (1 28) nahe an einer 
entgegengesetzten Seite des KOrperteils zu posi- 
tionieren, wodurch die von den Einrichtungen zum 
Einbringen abgegebene Energie des nahen Infra- 
rots durch diesen KOrperteil hindurch Obertragen 
und von diesem Detektor erfaBt wird. 

11. Analyseinstrument nach Anspruch 10, des weite- 
ren Einrichtungen (140) enthaltend zur Messung 
der Dicke des KOrperteils. 

12. Analyseinstrument nach Anspruch 11, worin diese 
Einrichtungen (140) zum Messen angeordnet sind, 
urn ein elektrisches Signal zu erzeugen, das die 
Dicke des KOrperteils anzeigt. 

13. Analyseinstrument nach Anspruch 12, worin diese 
Einrichtungen (140) zum Messen einen .variablen 
Widerstand umfassen. 

14. Analyseinstrument nach irgend einem der vorste- 
henden Anspruche, worin diese Vielzahl von Paa- 
ren der Wellenlangen urn etwa 980 Nanometer 
zentriert sind. 

15. Analyseinstrument nach einem der Anspruche 1 
bis. 14, worin die Einrichtungen (32, 34; 150) zum 
Verarbeiten der Signale das Signal gemaB folgen- 
der Forme! berechnen: 



25 



30 



35 



40 
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[log i/i G -iogi/i H 1 
pog 1/1 log 1/1 J 



und log 1/I G . log 1/l H . log 1/l| und log 1/lj jeweils 
einen optischen Dichtewert bei den entsprechen- 
den Wellenlangen G. H, I und J reprasentieren. 

16. Anlayseinstrument nach irgend einem der AnsprO- 
che 1 bis 14, worin die Einrichtungen (32, 34; 150) 
zum Verarbeiten der Signale das Signal gemaB fol- 
gender Fbrmel verarbeiten: 



[log1/l A -2log 1/1 B + log 1/1 c ] 
:K o + K i pogl/l D -2log 1/I E + log 1/I F ] 



worin C die Konzentration von in dem Blut vorhan- 
denen Zucker ist, Kq eine Intercept-Konstante ist, 
K-) die Linienneigung ist von 

Pog 1/l A -2log 1/1 B + log 1/1 c ] 
[log 1/1 D - 2log 1/1 E + log F ] 

und wobei log 1/I A , log 1/I B , log 1/l c , log 1% log 
* 1/I E , und log 1/I F jeweils einen optischen Dichtewert 
bei den entsprechenden Wellenlangen A, B, C. D, E 
und F reprasentieren. 

17. Nicht-invasives Verfahren zur quanititativen Ana- 
lyse des Blutzuckers im Blut eines Wesens, mitden 
Verfahrensschritten: 

(a) Einbringen einer Energie des nahen Infra- 
rots in das Blut innerhalb eines KOrperteils (F) 
eines Wesens; 

(b) Erfassen der aus dem Wesen heraustreten- 
den Energie des nahen Infrarots mit einem 
Detektor (28; 128), der durch das Erfassen die- 
ser aus dem Wesen austretenden Energie ein 
Signal erzeugt, und 

(c) Verarbeiten des Signals, urn ein zweites 
Signal zu erzeugen, das die Menge des in dem 
Blut des Wesens vorhandenen Zuckers 
anzeigt; 

dadurch gekennzeichnet, dalB eine Vielzahl von 
Paaren von Wellenlangen der Energie des nahen 
Infrarots innerhalb des Bereichs von etwa 600-1 100 
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nm von diesem Detektbr erfaGt werden, wobei die 
Vlelzahl dieser Paare von Welleniangen urn die 
gleiche Welleniange zentriert sind. 

18. Verfahren nach Anspruch 17, worin diese Vielzahl s 
von Paaren von Welleniangen urn etwa 980 Nano- 
meter zentriert sind. 

19. Verfahren nach Anspruch 17 Oder 18, worin das 
Signal gemaB der folgenden Formel verarbertet 10 
wird 

0+1 [ log 1/1 log 1/1 j] • 

75 

worin C die Kbnzentration des in dem Blut vorhan- 
denen Zuckers ist, Kq eine intercept-Kbnstante ist, 
K 1 die Linienneigung ist von 

20 

Pog 1/I G - log 1/1 H ] 
[log 1/1, -log 1/1 J 

und log 1/I G , log 1/I H . log l/lfund log 1/lj jeweils 2s 
einen optischen Dichtewert bei den entsprechen- 
den Welleniangen G, H, I und J reprasentieren. 

20. Verfahren nach Anspruch 17 oder 18, worin das 
Signal gemaB folgender Formel verarbeitet wird 30 

[log1/l A -2log1/l E + log1/l c ] 

^ - ^0 + * 1 [lQ g 17 | d . 2 , 0 g e + |0 g 1/( p] 

worin C die Konzentration von in dem Blut vorhan- 
denen Zucker ist, Kq eine intercept-Konstante ist, 
K 1 die Linienneigung ist von 

[log 1/1 A - 2iog 1/1 B + log 1/1 c ] 
[log 1/1 D - 2log 1/1 E + log 1/1 F ) 



21. Verfahren nach irgend einem der Anspruche 17 bis 
20, worin die Energie des nahen Infrarots in eine 
Vene oder eine Arterie des Wesens eingebracht 
wird durch Plazieren von Einrichtungen (16. 16*. 2, 
23) zum Einbringen der Energie des nahen Infra- 
rots eng an der Vene oder an der Arterie angren- 
zend, wobei diese Energie des nahen Infrarots mit 
dem Blutzucker des Wesens interagiert und 
anschlie&end aus der Vene oder aus der Arterie 
austritt; und worin der Detektor (28) nahe an der 



Vene Oder an der Arterie angrenzend sowie entlang 
der Vene oder der Arterie mit einer vorbestimmten 
Distanz zu den Einrichtungen zum Einbringen 
angeordnet ist. 

22. Verfahren nach irgend einem der Anspruche 17 bis 
21, mit den Verfahrensschritten 

Markieren einer Position mit einer MarWe- 
rungsvorrichtung, urn ein Instrument zur quan- 
titativen Analyse uber einer Vene oder einer 
Arterie des Wesens zu positionieren; 
Ausrichten dieses Instruments mit dieser mar- 
kierten Position, wobei dieses Instrument Ein- 
richtungen (16, 16', 12) zum Eindringen dieser 
Strahlung des nahen Infrarots in das venose 
oder arterielle Blut enthait, diesen Detektor 
(28) aufweist zur Erfassung der Energie des 
nahen Infrarots, die der Interaktion mit dem 
Blutzucker folgt, sbwie . Verarbeitungseinrich- 
tungen aufweist zum Verarbeiten des von dem 
Detektor erzeugten Signals in eine Anzeige, 
die den Blutzuckergehatt darstellt; und 
Anzeigen der Ergebnisse, die den Blutzucker- 
spiegel auf der Basis dieser erfaBten Strahlung 
des nahen Infrarots darstellt. 

Revendications 

1 . Instrument (10 ; 1 00) d'analyse quantitative dans le 
proche inf rarouge pour une mesure non invasive du 
glucose sanguin present dans le sang d'une partie 
(F) du corps d'un sujet, comprenant : 

(a) des moyens (12. 16. 16\ 23 ; 1 16 ; 23* ; 23") 
pour introduire une Energie dans le proche 
infrarouge dans le sang present dans une par- 
tie du corps d'un sujet; 

(b) un d&ecteur (28 ; 1 28) dans le proche infra- 
rouge pour d6tecter l'6nergie dans le proche 
infrarouge 6mergeant de la partie (F) du corps 
et pour fournir un signal lors de la d6tection de 
I'gnergie dans le proche infrarouge 6mergeant 
de la partie du corps; 

(c) des moyens (50 ; 110, 111. 112, 120) pour 
positionner a la fois les moyens (12) d'introduc- 
tion dans le proche infrarouge et le d§tecteur 
(28 ; 128) dans le proche infrarouge adjacents 
de fagon tr6s proche de la partie du corps de 
sorte que l'6nergie dans le proche infrarouge 
d6tect&e par le d&ecteur corresponde au 
niveau du glucose sanguin dans ladite partie 
du corps ; et 

(d) des moyens (32. 34 ; 150) pour traiter le 
signal produit par le d6tecteur (28 ; 1 28) en un 
second signal indicateur de la quantity de glu- 
cose present dans le sang du sujet ; 

caract6ris£ en ce que le d6tecteur (28 ; 



35 



40 



und wobei log 1/I A . log 1/I B , log 1/l c . log 1/l[> log 
1/I E , und log 1/I F jeweils einen optischen Dichtewert 45 
. bei den entsprechenden Welleniangen A, B, C, D, E 
und F reprasentieren. 
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128) dans le proche infrarouge est dispose de 
fagon a detecter I'gnergie infrarouge emer- 
geant de la partie (F) du corps, iadite energie 
dans le proche infrarouge comprenant une plu- 
rality de paires de longueurs d'onde situ6es 5 
dans la plage d'environ 600 a 1100 nanome- 
tres, Iadite plurality de paires de longueurs 
d'onde etant centrees sur la meme longueur 
d'onde. 

10 

2. Instrument d'analyse selon la revendication 1 , dans 
lequel lesdits moyens de positionnement compren- 
nent un boTtier (20), lesdits moyens d'introduction 
etant disposes dans une premiere chambre (30) 
dudit boTtier, ledit d6tecteur (28) etant dispose dans 15 
une seconde chambre (40) dudit boTtier (20), ledit 
boTtier (20) comprenant des moyens (22) pour 
separer la premiere el la seconde chambres de 
fagon a empecher que l'6nergie dans le proche 
infrarouge provenant desdits moyens d'introduction 20 
vienne frapper directement le d&ecteur. 

3. Instrument d'analyse selon la revendication 1 ou la 
revendication 2, dans lequel lesdits moyens d'intro- 
duction comprennent une source d'energie dans le 25 
proche infrarouge (16, 16' ; 116) et des moyens de 
transmission (12) pour transmettre Iadite energie a 
I'interieur de la partie du corps. 

4. Instrument d'analyse selon la revendication 3, dans 30 
lequel lesdits moyens de transmission compren- 
nent une lentille (12) pour focaliser Iadite 6nergie 
infrarouge sur la partie du corps. 

5. Instrument d'analyse selon I'une quelconque des ss 
revendications precedent es, dans lequel lesdits 
moyens d'introduction comprennent au moins une 
diode emettrice infrarouge (16. 16' ; 116). 

6. Instrument d'analyse selon I'une quelconque des 40 
revendications 1 a 5, dans lequel lesdits moyens de 
traitement comprennent des moyens amplificateurs 
(32) pour amplifier le signal fourni par ledit detec- 
teur, et des moyens de traitement de donnees (34) 
pour convertir le signal provenant du detecteur en 45 
ledit second signal. 

7. Instrument d'analyse selon I'une quelconque des 
revendications prec6dentes, dans lequel un filtre 
(23) est prevu pour transmettre selectivement so 
I'energie dans le proche infrarouge, lequel filtre est 
dispose entre Iadite source et Iadite partie du corps. 

8. Instrument d'analyse selon I'une quelconque des 
revendications prec6dentes, dans lequel lesdits ss 
moyens d'introduction (16, 16' ; 116) fournissent 
une largeur de bande centree sur environ 980 
nanometres. 



9. Instrument d'analyse selon I'une quelconque des 
revendications prec6dentes, dans lequel lesdits 
moyens de positionnement (50) comprennent des 
moyens (51, 53) pour marquer une position pour 
ledit instrument par dessus un vaisseau sanguin 
d'un sujet. 

10. Instrument d'analyse selon i'une quelconque des 
revendications 1 a 8, dans lequel lesdits moyens de 
positionnement comprennent des moyens (110, 
111, 112, 120) pour positionner lesdits moyens 
d'introduction (116) adjacents de fagon tres proche 
a Tun des cotes d'une partie du corps et pour posi- 
tionner ledit d&ecteur (128) adjacent tres proche 
d'un cdte oppose de la partie du corps, grace a quoi 
I'energie dans le proche infrarouge emise par les- 
dits moyens d'introduction est transmise a travers 
Iadite partie du corps et est detectee par ledit 
detecteur. 

11. Instrument d'analyse selon la revendication 10, 
comprenant en outre des moyens (140) pour mesu- 
rer I'epaisseur de la partie du corps. 

12. Instrument d'analyse selon la revendication 11, 
dans lequel lesdits moyens de mesure (140) sont 
disposes de fagon a fournir un signal electrique 
indicateur de I'epaisseur de la partie du corps. 

13. Instrument d'analyse selon la revendication 12, 
dans lequel lesdits moyens de mesure (140) com- 
prennent une resistance variable. 

14. Instrument d'analyse selon I'une quelconque des 
revendications prececlentes dans lequel Iadite plu- 
rality des paires de longueurs d'onde sont centrees 
sur environ 980 nanometres. 

15. Instrument d'analyse selon I'une quelconque des 
revendications 1 a 14, dans lequel les moyens de 
traitement du signal (32, 34; 150) traitent le signal 
selon la formuie 

r K » Pogi/i Q -iogi/»Hl 
c = K o + *i pog 1/1, -log 1/1 J 

dans laquelle C est la concentration du glucose 
present dans le sang, Ko est une constante d'inter- 
ception, k-, est la pente de la droite 

Pogl/l G -log Vy 
pog 1/1,- log 1/1 J 

et log 1/I G , log 1/I H , log 1/l| et log 1/lj, repr6sentent 
chacun une valeur de density optique sous les lon- 
gueurs d'onde correspondantes G, H, I et J. 
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16. Instrument d'anatyse selon Tune quelconque des 
revendications 1614, dans laquelle tes moyens de 
traitement du signal (32, 34 ; 150) traitent le signal 
en conformite avec la formule 

pog1/l A -21og1/l 8 + log 1/1 c ] 
0 + * 1 pog 1/1 D • 21og 1/1 E + log 1/1 F ] 



dans laquelle C est la concentration de glucose 
present dans le sang, Kq est une constante d'inter- 
ception, est la pente de la droite 

[log 1/1 A - 2*log 1/1 B + log 1/1 c ] 
pog1/l D -2*log 1/1 E + log 1/1 p] 

et log 1/l Al log 1/I B . log 1/I C , log 1/l[> log 1/I E> et log 
1/I F representent chacun une valeur de densite 
optique sous les longueurs d'onde correspondan- 
tes A, B, C, D, E et F. 

17. Un procede non invasrf pour I'analyse quantitative 
du glucose sanguin contenu dans le sang d'un 
sujet, comprenant : 

(a) ('introduction d'une energie dans le proche 
infrarouge dans le sang contenu k I'interieur 
d'une partie (F) du corps du sujet; 

(b) la detection de I'energie dans le proche 
infrarouge emergeant du sujet au moyen d'un 
detecteur (28 ; 128) qui fournit un signal lors de 
la detection de ladite energie emergeant du 
sujet ; et 

(d) le traitement du signal pour fburnir un 
second signal indicateur de la quantite du glu- 
cose present dans le sang du sujet; 

caracterise en ce qu'on detecte au 
moyen dudit detecteur une pluralite de paires 
de longueurs d'onde d'energie dans le proche 
infrarouge k I'interieur de la plage comprise 
entre environ 600 et 1100 nm, ladite pluralite 
de paires de longueurs d'ondes etant centrees 
sur la meme longueur d'onde. 

18. Procede selon la revendication 17, dans lequel 
ladite pluralite de paires de longueurs d'onde sont 
centrees sur environ 980 nanometres. 

19. Procede selon la revendication 17 ou 18, dans 
lequel le signal est traite selon la formule 

r « „ Pog i/i G -log VI H ] 
c = K o + K i [log 1/1, -log 1/1 j] 

dans laquelle C est la concentration de glucose 
present dans le sang, Kq est une constante d'inter- 



ception, K 1 est la pente de la droite 

Pogl/l G -log 1/1 H ] 
Pog 1/1, -log 1/1 J 

5 

et log de 1/I G , log de 1/I H , log de 1/lj, log de 1/lj 
representent chacun une valeur de densite optique 
sous les longueurs d'onde correspondantes G, H, I 
10 et J. 

20. Procede oonforme k la revendication 17 ou 18, 
dans lequel le signal est traite conformement & la 
formule 

15 

Pog 1/l A -21og 1/1 B + log 1/1 c ] 
c = K o + K 1 [log 1/1 o - 2*log 1/1 E + log 1/1 F ] 

20 dans laquelle C est la concentration de glucose 
present dans le sang, Kq est une constante d'inter- 
ception. Kj est la pente de la droite 

Pog 1/l A -2»log1/l B + log1/l c ] 
25 [log 1/1 D - 2*log 1/1 E + log 1/1 F ] 

. et log 1/I A . log 1/I B . log 1/l c , log 1% log 1/I E . et log 
1/lp representent chacun une valeur de densite 
30 optique sous les longueurs d'onde correspondan- 
tes A, B, C, D, E et F. 

21 . Procede selon I'une quelconque des revendications 
17 & 20, dans lequel I'energie dans le proche infra- 

35 rouge est introduce dans une veine ou dans une 
artere du sujet en p!a$ant les moyens d'introduction 
(16, 16', 2, 23) pour introduire une energie dans le 
proche infrarouge adjacents de fagon tres proche 
de la veine de I'artere, ladite energie dans le proche 

40 infrarouge interagissant avec le glucose du sang du 
sujet. et emergeant alors de la veine ou de I'artere ; 
et 

on positionne le detecteur (28) adjacent tres 
proche de la veine ou de I'artere et le long de la 
45 veine ou de I'artere k une distance predeterminee 
des moyens d'introduction. 

22. Procede selon I'une quelconque des revendications 
17 6 21, comprenant les etapes consistant k : 

so 

marquer une position pour localiser un instru- 
ment d'anatyse quantitative par dessus une 
veine ou une artere d'un sujet au moyen d'un 
dispositrf de marquage, 
55 aligner ledit instrument avec ladite position 

marquee, ledit instrument comprenant des 
moyens d'introduction (16, 16*, 12) pour intro- 
duire ledit rayonnement dans le proche infra- 
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rouge k I'interieur du sang de la veine ou de 
I'art&re, ledit d6tecteur (28) pour d6tecter 
l'§nergie dans le proche infrarouge suivant 
l'inter-r6action avec le glucose du sang, et des 
moyens de traitement pour trailer le signal 5 
fourni par le d6tecteur dans un disposrtif d'aff i- 
chage indiquant la teneur du glucose du sang ; 
et 

aff icher les r£sultats indiquant le niveau du glu- 
cose du sang en se fondant sur ledit rayonne- 10 
ment d§tect6 dans le proche infrarouge. 
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